Direct inoculation of positive blood cultures using the Phoenix system for antimicrobial susceptibility testing of both Gram-positive and Gram-negative bacteria Although the Phoenix system is widely used in diagnostic microbiology laboratories for identification and antimicrobial susceptibility testing (AST) of bacterial isolates, only a few studies have reported the use of a direct inoculation method with the Phoenix system (Funke & Funke-Kissling, 2004; Lupetti et al., 2010; Beuving et al., 2011; Gherardi et al., 2012; Wimmer et al., 2012; Yonetani et al., 2012; Hazelton et al., 2014) .
Rapid identification has a clinically relevant impact on the timely selection of effective antimicrobial therapy (Vlek et al., 2012) . However, such an impact varies significantly between low-and high-prevalence areas for antibiotic resistance (Clerc et al., 2013) . In this context, we believe that a rapid method for AST should always be performed, especially in high-prevalence areas for antibiotic resistance. To achieve this, a method has been established previously in our laboratory based on direct inoculation of bacteria from processed blood culture fluid into Phoenix AST panels (Lupetti et al., 2010) . Experiments involving a small number of blood samples indicated that the addition of saponin to an aliquot of the positive blood culture fluid led to favourable results for identification and AST of Grampositive cocci by the Phoenix system. As we suggested, saponin may increase the recovery of bacteria from positive blood cultures by releasing intracellular microbes from blood phagocytes (Lupetti et al., 2010 (Lupetti et al., , 2013 . The present study aimed to evaluate the accuracy of AST results by (i) applying the same experimental criteria as described previously for Gram-positive cocci (Lupetti et al., 2010) to positive blood cultures containing Gram-negative bacteria and (ii) using a higher number of blood cultures monomicrobial for Gram-positive bacteria. The AST results by the direct method were compared to those by the current method and discrepancies were resolved by Etest.
The present study was carried out between July and December 2012. Blood specimens from patients admitted to the Azienda Ospedaliero-Universitaria Pisana (Pisa, Italy) were inoculated into blood culture bottles (either Plus Aerobic/F, Plus Anaerobic/F or Peds Plus/F; BD) that were collected at the Unità Operativa di Microbiologia Universitaria. These were then transferred to a BACTEC FX instrument for monitoring bacterial growth using the standard growth detection algorithms provided by the system. From each patient, only the first positive blood culture containing Grampositive or Gram-negative microorganisms that appeared monomicrobial in the Gram stain was included in this study. Blood cultures from 209 patients were investigated, of which 124 contained Gram-positive and 85 contained Gramnegative bacteria. After subculturing on blood agar plates (BD), 19 (15 %) of the 124 and four (5 %) of the 85 were found to be polymicrobic and therefore excluded from this study.
For identification and AST of bacteria by the current method, a small sample of blood cultures flagging positive by BACTEC FX was transferred onto blood agar plates, which were incubated overnight at 37 u C. Routine identification and AST of isolated colonies were performed, respectively, by matrix-assisted laser desorption ionization time-of-flight (Bruker Daltonics) and the VITEK 2 system (VITEK 2 software, version 05.04; Advanced Expert System software, version 1.9.0; bioMérieux) according to the manufacturer's instructions.
The direct method for AST was performed as described previously (Lupetti et al., 2010) . In brief, a 7 ml sample of the positive blood culture bottle from BACTEC FX was incubated with saponin (Sigma-Aldrich) at 0.01 % final concentration for 15 min at room temperature before transfer to Serum Separator Tubes (BD Vacutainer). Next, bacteria were sedimented on the surface of the silicon layer of the Vacutainer tube as described previously and adjusted to the turbidity equivalent of 0.5 McFarland. A total of 25 ml of this suspension was transferred to Phoenix AST broth (BD) supplemented with one drop of Phoenix AST Indicator solution (BD) for staphylococci, enterococci and Gramnegative bacteria or with Phoenix AST-S Indicator solution for streptococci (BD). Next, these suspensions were inoculated into the appropriate BD Phoenix panels. Once completely filled, the panels were logged and loaded into the Phoenix system. We used a BD Expert system, which analysed the antimicrobial susceptibility profiles for unusual results and potentially erroneous results were flagged for verification. Susceptibility data obtained by the direct method were evaluated using the data from the current method as comparator. Data represent numbers (with percentages) of bacterial isolates for which the antimicrobial susceptibility profile was concordant/correct or erroneous by the direct method using the results by the current method as reference. In the case of discrepancies between the results from the direct and the current methods, the results for the susceptibility testing were confirmed by Etest. The resulting percentages of sensitive (S), intermediate (I) and resistant (R) strains per antibiotic are reported in column 2.
Antimicrobial agent
Clinical category of analysed strains (%) The main conclusion from the present study is that the time for AST of microorganisms causing bloodstream infections can be significantly reduced by direct inoculation of bacteria from positive blood cultures using the Phoenix system.
The results obtained by the direct method, available at least 1 day earlier than the current method, were shown to be reasonably accurate and reliable to be reported to clinicians. The direct inoculation method with the Phoenix system showed categorical agreement for all the tested antimicrobials (with the only exception of cefepime) .90 %, with relatively low percentages of major and very major errors, thus meeting the standards proposed by Jorgensen (1993) .
Several authors have evaluated the performance of direct inoculation methods for identification and AST as an attempt to shorten the turnaround time for the diagnosis of bloodstream infections. What has emerged is a wide variability in the accuracy of these methods, ranging from unreliable (de Cueto et al., 2004) to highly accurate results (Gherardi et al., 2012; Yonetani et al., 2012) . Inoculum size, sample preparation protocols and species composition of the analysed isolates may account, at least in part, for the differences in performance. A comparative evaluation study might be helpful to further inform this debate.
In conclusion, we believe that an important advance in patient care may be achieved by the adjunction of direct AST to current methods, as this provides reliable results 1 day earlier.
